We studied the haemoglobin saturation of one hundred healthy patients equally divided into two groups. Group 1 patients received three minutes of preoxygenation prior to thiopentone induction followed by inhalational anaesthetics. Group 2 patients breathed room air prior to induction. None of the patients in Group 1 showed any arterial oxygen desaturation during thefive minutes of the induction period, whereas 21 patients in Group 2 showed definite desaturation (P < 0.005), of which fifteen patients had a saturation of 90% or less (P< 0.005) and six had a saturation of85% or less. Since those were healthy patients and the anaesthetics were given by experienced anaesthetists, we concluded that some form of preoxygenation should be used in all patients receiving general anaesthesia.
The introduction of pulse oximeters as a routine monitoring tool in clinical anaesthesia has revealed many unexpected episodes of arterial desaturation which were not detected clinically. In particular, we have seen arterial desaturation occurring during a smooth induction without apparent cause. A search of the literature showed that there had been no recent controlled studies of Sa02 as measured by pulse oximetry during induction of anaesthesia. 1, 2 This prompted us to investigate this observation and seek means of prevention of arterial desaturation.
MATERIALS AND METHODS Our objective was to study the changes in arterial oxygen saturation in one hundred healthy adults during induction of inhalation anaesthesia, comparing the effects of preoxygenation versus no preoxygenation. Approval from the local Ethics Committee was given and all patients gave informed consent to the study. Anaesthetists participating in the study all possessed a higher qualification and had more than five years of experience. Patients scheduled for minor gynaecological operations were studied. Preliminary patient selection for the study was done during the preoperative visit and each had to fulfil all of the following admission criteria: namely; ASA Class I or 11, age from 16 to 60, body weight ranging from 40 kg to 70 kg. Neither preoxygenaton nor intubation would normally be part of the anaesthetic technique for that particular operation. Patients with the following conditions were excluded: clinically significant cardiopulmonary disease, anaemia « 10 g%), polycythemia (> 16 g%), anticipated difficult airway, pregnancy of more than sixteen weeks gestation and peripheral vascular disease. Psychiatric patients, drug addicts and chronic alcoholics were also excluded because induction may not be smooth in such patients. Smoking habit was recorded.
Premedication of pethidine 1.0 mg/kg and atropine 0.3-0.6 mg/m was given one hour prior to induction.
On arrival in the operating theatre, intravenous access was established on the dorsum of one hand. Pulse oximetry readings were obtained from an Ohmeda 3700E pulse oximeter (revision P software), which was set in the fast response mode and powered by battery with the low saturation alarm set at 85%. The finger probe was applied on either the thumb, index or middle finger on the hand with no IV line or blood pressure cuff. Fingers were stabilised. Measures were taken to prevent extraneous light interference on the finger probe.
The plethysmographic waveform and signal strength indicator on the oximeter were observed for three minutes. The following criteria had to be met for the patient to be included into the study. These were: baseline Sa02 greater or equal to 9S% with not more than I % fluctuation during the observation period; good signal quality with signal strength indicator more than 24 pixels; a regular pulse rate within the range SO-120/minute of which not more than S% could appear as ectopic beats and the pulse rate displayed on the pulse oximeter had to correspond to that on the ECG monitor.
Patients fulfilling the above criteria were then randomly allocated into two groups. Group I patients received a three-minute preoxygenation prior to induction of anaesthesia with a Magill circuit with a fresh gas How (FGF) of more than 100 mllkg/min. Group 2 patients were not preoxygenated. A standardised anaesthetic induction technique then followed in both groups. Intravenous induction was achieved with sodium thiopentone 2.5% at a dose of 3.S-4.S mg/kg injected over twenty to thirty seconds. Loss of eyelash reflex was elicited before a face mask with 33% oxygen in 66% nitrous oxide (FGF> lOO mllkg/min) was applied with a Magill circuit. In the case of Group I patients, they ceased to breathe pure oxygen at loss of eyelash reflex and received 33% oxygen in 66% nitrous oxide thereafter. Anaesthesia was continued with either halothane or enflurane in the usual manner of inhalational anaesthesia. Ventilation was assisted manually by mask if apnoea occurred for more than twenty seconds as judged clinically. The anaesthetist was blind to the readings of the oximeter, but when the low alarm went off at 85% arterial oxygen saturation, the patient would be ventilated with 100% oxygen by mask until oxygenation improved. Patients were studied for changes in arterial saturation during the initial five minutes following induction. Positioning for surgery was allowed only after the study was completed and the patient ready.
Monitoring, apart from a pulse oximeter, included an oxygen analyser, a continuous ECG monitor and a DINAMAP 1846 machine (Critikon) for blood pressure measurement. An independent observer was responsible for data collection during the five-minute study period. These included the following: pulse oximetry and heart rate readings every ten seconds for first three minutes and then every thirty seconds thereafter, the lowest Sa02 from induction, blood pressure 
RESULTS
Fifty patients in each group were studied. No patient was excluded from data analysis as each had a good quality oximetry waveform. The groups were comparable in age, body weight, smoking habits, baseline Sa02, baseline heart rate, preinduction blood pressure, thiopentone dosage and the use of inhalational anaesthetic agents ( Table 1 ). Figure 1 shows the Sa02 readings (mean ± SD) against time for both groups. In Group 2 (nonpreoxygenated) arterial saturation dropped sharply 60 seconds after induction, reaching a trough at 80 seconds (Sa02 = 93.6 ± 6.4%), and slowly climbing back to baseline values at 150 seconds after induction. The Sa02 readings differed significantly from the baseline at 60 to 110 seconds after induction (P < 0.02 by Wilcoxon tests). Sa02 readings rose above baseline at 150 seconds and then remained elevated till the end of the study. In Group 1 (preoxygenated) the decline of Sa02 after induction was very gradual and the difference of mean Sa02 throughout was less than 2%. The difference between the two groups was statistically significant (P < 0.005 by Mann-Whitney test) from time of induction to 180 seconds after induction.
The lowest Sa02 (mean) reached was 98.0% in preoxygenated group with a range of 95% to 99%; whereas in non-preoxygenated group the mean was 91.32% with a range of 50% to 98%. The mean time to lowest saturation was 192 seconds in preoxygenated and 67 seconds in nonpreoxygenated group (Table 2) . Differences between groups for both of the above were When the lowest Sa02 reading was 5% or more below the baseline, we arbitrarily defined that as a in the nonpreoxygenated group. No factors related to patient status, habits or thiopentone dosages were found to be of relevance.
'definite' desaturation. Table 3 showed the DISCUSSION incidence of desaturation. None of the patients in Although the validity and accuracy of pulse Group 1 (preoxygenated) showed any desaturation. oximeters as an noninvasive clinical monitoring In group 2 (nonpreoxygenated), 21 patients had a tool of arterial oxygenation have been estabdefinite desaturation which lasted for 30 seconds or lished,3-7 artifacts induced by movementS voltage longer in ten patients; fifteen patients showed a fluctuations, extraneous light interference 9 -13 or lowest Sa02 of 90% or less. These differences were low tissue perfusion 14, 15 cannot be ignored. statistically significant between Group 1 and Precautions against artifacts and strict patient Group 2 (P < 0.005). Furthermore, seven patients selection were necessary for reliable results.
had Sa02 value of 90% or less for 30 seconds or Various authors have tried to categorise degrees longer; six patients had Sa02 value of 85% or less, of desaturation. I 6-19 Our criteria for definite two ofthem lasting 30 seconds or longer. Because of desaturation was reached by considering the the small numbers in these categories, no accuracy of the oximeter with patients acting as meaningful statistical analysis could be applied. No their own controls. Thus a 5% change should be clinical sequelae were seen in those patients with significant. desaturation.
There are many possible causes of desaturation There were no significant differences between during a smooth induction, such as decreased FRC, the two groups regarding incidences of apnoea, respiratory depression, decreased cardiac output cough, airway obstruction or movement (Table and ventilation desaturation may occur if complicated by airway We attempted to find a cause for the desaturation obstruction, apnoea or coughing. Airway obstruction is sometimes insidious in onset and difficult to recognise. This may explain the low incidence (3%) in our series and yet with two patients having severe desaturation, one of them dropping to 50% at its lowest. The prompt treatment for prolonged apnoea may explain the lack of association between apnoea and severe desaturation. The timing of desaturation, starting 60 seconds after induction and reaching the trough at 80 seconds, seemed to indicate causative factors associated with the onset of anaesthesia and the delay in response of the finger probe. 7 One must bear in mind in interpreting our results that all anaesthetics were given by experienced anaesthetists. We were particularly concerned about the experience of the anaesthetist as inexperience is more likely to result in hypoxemia in patients during anaesthesia and published work on desaturation seldom mentions this. 20, 21 Our study showed that preoxygenation offered good protection against hypoxemia. Besides, one patient in the preoxygenated group had unanticipated severe airway obstruction and preoxygenation was able to maintain oxygen saturation for six minutes. For inexperienced anaesthetists, preoxygenation of patients 22 ,23 is particularly important where airway problems may, be less well recognised and may occur more frequently.
The major obstacle to routine preoxygenation is patient acceptance. Preoxygenation itself is likely to induce undue anxiety in some patients and it is time-consuming in busy operating lists.
In summary, we have demonstrated that a high percentage of patients showed desaturation even during uneventful induction of anaesthesia by experienced anaesthetists and preoxygenation offered protection against this de saturation completely. We conclude that if arterial desaturation is to be avoided, preoxygenation should be used in all cases.
